ABSTRACT. Electric field distribution in biological systems was investigated. In the analysis both the conductive and the dielectric properties of biological systems were considered. Making use of the complex dielectric coefficient, equations which describe the electric field behavior in such media, were formulated. These equations were solved numerically for a few biological systems. The solutions show that the macroscopic field distribution, for example, the refraction of the ECG wave upon passing from one tissue into another, is mainly determined by the tissue's conductive properties (in the frequency range of 0-108 Hz). However, the microscopic field distribution around the individual cells is determined by the conductive, the dielectric or both properties, depending on the frequency. At frequencies below 10 4 Hz the field configuration is determined largely by the system's conductive properties. At frequencies above 107 -108 Hz, by the dielectric properties and in the range of 104 -106 Hz both properties affect the field distribution. In this range the field direction may be shifted by as much as 90 ~ by relatively small frequency changes.
A major fraction of the available information regarding the physiological properties of excitable tissues has been obtained by recording the electrical activity of these tissues and their response to electrical stimulation. The interest in the distribution of electric fields of biogenic or external origin in biological systems is therefore common to investigators from a number of physiological fields.
Numerous attempts have been made to solve the problem of the electric field or current distribution in biological systems. These attempts include the construction of equivalent electric networks, TM 3, 16, 24 field solutions by means of the common electrostatic methods 11.12 and studies of current and potential distribution in nonhomogeneous purely conductive media. 9'13'~5 Most of these field solutions are mainly concerned with the conductive properties of the systems and neglect their dielectric properties. In the others the reverse is true. Both properties were considered in the numerous theoretical and empirical works on the electric impedance of cell suspension. 3"4"19 However, while the suspension impedance is a function of the field distribution, only qualitative, if any, conclusions regarding the shape of the electric field can be drawn from these works since they do not deal directly with the field configuration around the cells.
]. Biol. Phys. Volume 2, 1974 A more general approach to the solution of the field distribution which incorporates both the system's conductive and dielectric properties 11 (in a manner similar to that used in the calculation of the frequency dependence of ceil suspension impedances) has not been described in detail.
However, some of the changes in the excitability of muscles 2"s'1~ and nerve fibres 14,18-17 under the influence of electric fields can only be explained 11 on the basis of changes in the electric field distribution around individual fibres with pulse duration (field frequency). It is therefore, the object of this study to analyze the configuration of electric fields around whole tissue masses and around their individual cells by treating these systems as complex media, i.e. taking into consideration both their conductive and dielectric properties. Special attention will be paid to the frequency dependence of the field configuration.
General Considerations
When dealing with alternating electromagnetic field distribution in biological preparations, one can usually assume the validity of the "quasistatic" approximation to Maxwell's equations, i.e. that the largest physical dimension of the preparation is small in comparison with the related wavelength. However, because of the large values of the dielectric coefficient, e, of relevant biological systems at low frequencies, (see Table 2 ) the term e~E/at cannot be neglected in Maxwell equations while the corresponding magnetic term, pall/at is negligible.
Assuming also that there are no (net) free charges in the system, 23 the Maxwell equations take the following form:
Since rot E = O, E = -grad ~b and V2r = 0. For the sake of simplicity let us deal with fields which vary sinusoidally with time (any pulse can be described by an appropriate series of sinusoidal waves) .6
Let us define the complex dielectric constant e*: where a is the conductivity and v is the frequency.
Under the conditions specified above, one is allowed to introduce e* instead of e into the common electrostatic equations, 5 provided that e is linear when used in equations 1 to 4. 104 ]. Biol. Phys. Volume 2, 1974 
